Natural products play a crucial role in drug discovery. In the last decade, the advent of marine natural product research has produced a remarkable number of compounds, particularly those isolated from marine sponges, with a broad range of activities for the treatment of human and animal diseases. In this study, five known alkaloids namely aaptamine (1), 9-demethylaaptamine (2), 4-N-methylaaptamine (3), 9-methoxyaaptamine (4), 9-demethyloxyaaptamine (5), an uncommon amide in sponge, 4-hydroxybenzamide (6) and 3 β,5α -cholesterol (7) were isolated from the butanol extract of Aaptos aaptos (Schmidt, 1864) by bioactivity-guided isolation. Their structures were determined based on a detailed analysis of their 1D and 2D spectroscopic NMR and EIMS spectral data as well as comparison with literature data. Cytotoxic activity and anti-atherosclerotic property of the compounds were determined based on their ability to increase the transcriptional activity of SRB1 promoter and PPRE in human liver HepG2 cell line. The results showed that compounds 4 and 7 exhibited cytotoxic effects and compounds 1-4 and 7 increased the transcriptional activity of SRB1 promoter and PPRE. This suggests that compounds isolated from A. aaptos may have potential as anti-cancer agents and to reduce the progression of atherosclerosis. In addition, the compounds 1-4 displayed antibacterial activity against shrimp pathogenic bacteria, Vibrio harveyi and Vibrio sp. This suggests that the compounds have potential as vibriosis treatment.
Atherosclerosis is one of the chronic cardiovascular diseases and has been the leading cause of death in the USA, Europe and Asia [1] . High cholesterol level (hypercholesterolemia) is one of the factors that triggers atherosclerosis. This condition is caused by an increase in triglyceride, low-density lipoprotein (LDL) and total cholesterol (TC). Among them, LDL (bad cholesterol) has been considered to be the most atherogenic [2] . High density lipoprotein (HDL) particles play a critical role in cholesterol metabolism and they are believed to retard the formation of atherosclerosis lesion by removing excess cholesterol from cells and preventing endothelial dysfunction [3] . The HDL particles, which mediate reverse cholesterol transport (RCT), transport lipids in the blood and foam cells to the liver cells by binding to scavenger receptor class B type I (SRB1) present on the cell surface, thus lowering the risk of atherosclerosis [4] . Peroxisome proliferator activated receptor response element (PPRE) present on the promoter region of the target genes such as SRB1 is a binding site for peroxisome proliferator-activated receptor gamma (PPARγ), which increases the expression levels of SRB1 upon binding [4] [5] [6] . Therefore, compounds that increase the expression and transcriptional levels of SRB1 and PPRE may be potential drug candidates to reduce the progression of atherosclerosis [7] .
A number of dietary recommendations and a change in life style for patients with elevated cholesterol level have shown evidence of optimal benefit. However, most studies suggest that sports and diet alone are not sufficient to reduce cholesterol. Some of the available drugs such as statins that inhibit cholesterol synthesis cause severe side effects including liver failure, bronchitis and heart attack [8] [9] [10] .
Nature has been a source of medicinal agents since thousands of years ago. Over the past few decades, there has been an upsurge in the search of compounds particularly from marine environment as they are known to be rich in biological and chemical diversity. The compounds isolated from marine organisms have proven their potential as drug due to their broad spectrum activities towards numerous diseases without dangerous side effects [11] . Among marine organisms, sponges are considered drug treasure house due to the presence of potent secondary metabolites [12] [13] [14] . The secondary metabolites isolated from sponges have multiple purposes such as serving as anti-cancer [15] , antibacterial [16] and anti-cardiovascular agents [17] . In our preliminary study, the butanol extract of Aaptos aaptos was found to increase the transcriptional activity of PPRE and SRB1, which are specific target genes in reducing atherosclerosis [7] and also display antibacterial activity against Vibrio harveyi and Vibrio sp. [18] . This result prompted us to further isolate its bioactive constituent.
The butanol extract of A. aaptos was subjected to repeated column chromatography on silica gel which resulted in the isolation of five benzo [de] [1, 6] naphthyridine including aaptamine (1) [17, 19] , 9-demethylaaptamine (2) [17, 20] , 4-N-methylaaptamine (3) [21] [22] , 9-methoxyaaptamine (4) [19] , 9-demethyloxyaaptamine (5) [19] . An uncommon amide in sponge, 4-hydroxybenzamide (6) was also isolated together with 3β,5α-cholestanol (7) [23] (Figure 1 ). 4-Hydroxybenzamide (6) was found in the herb of Berberis pruinosa, a plant from the genus of Berberis which also produces berberine, a known natural product that has potential to slow down the progression of atherosclerosis [24] [25] . Compound 1-4 and 7 were subjected to cytotoxic assay on HepG2 cell line (Table 1) Overall, compounds 1-3 with EC 50 > 3 μg/mL did not show any cytotoxic activity against HepG2 cell line. In contrast, compounds 4 and 7 displayed a cytotoxic activity. Although compound 1 did not show any cytotoxicity activity on HepG2, it was previously reported that compound 1 showed an activity against KB cells with the EC 50 value of 0.5 μg/mL [20] . In contrast, compound 2 and 3 were also shown to display a cytotoxicity activity on several cancer cell lines such as leukemia P-388, pancreas BXPC-3, breast MCF-7, CNS SF-268, lung NCI-H460, colon KM 201.2, and prostate DU-145 with the EC 50 value of 0.22, 1.6, 0.66, 1.4, 2.0, 1.7, 1.8 μg/mL and > 10 μg/mL respectively [26] . The cytotoxicity activity exhibited by compound 4 may be due to the effect of hydroxyl and methoxy group at C-9 position of the active alkaloid [27] . This study further suggests that compounds from A. aaptos may be potential anticancer agents [28] , particularly for human hepatocarcinoma (HepG2). To study the effects of selected compounds on the transcriptional activity of PPRE and SRB1, HepG2 cells were transfected with PPRE and SRB1 that were cloned into luciferase reporter vector. The concentration of the compounds used was less than their EC 50 values (based on the cytotoxicity activity results). Subsequently, luciferase assay was carried out.
The luciferase activity produced by the treated samples was compared to the untreated control which was assigned as 1. If the number of the fold change was more than the control (> 1), the compound was considered to have a positive activity, whereas the compound that showed the number of fold change < 1 was considered as non-active [29] . Figure 2 demonstrated that compounds 4 and 7 produced the highest transcriptional activity of PPRE, followed by compounds 1, 3, and 2 with 4.48, 4.22, 2.49, 2.10, and 1.49-fold increase compared to that of the untreated control at 0.039, 0.078, 1.563, 0.781, and 0.195 µg/mL respectively. Compounds 1-4 and 7 were also found to increase the transcriptional activity of SRB1 promoter in a dose dependent manner ( Figure 3 ). Specifically, compound 3 showed the highest transcriptional activity on SRB1 promoter with 13.62-fold increase at the concentration of 0.781 µg/mL, followed by compounds 1, 4, 7, and 2 with 7.03, 6.43, 3.80, and 2.21-fold increase at concentration of 1.563, 0.078, 0.039, and 0.195 µg/mL, respectively.
All compounds except compound 6 were assayed for their antibacterial activity towards pathogenic bacteria, Vibrio harveyi and other Vibrio sp. using disc diffusion method. The antibacterial activities of the compounds were expressed by their inhibition zone as listed in Table 2 . It shows that all compounds except 7 gave a strong antibacterial activity with the inhibition zone of 12-25 mm against Vibrio harveyi and Vibrio sp. The highest antibacterial activity on Vibrio harveyi was shown by compound 2 with the inhibition zone of 24 + 0.1, followed by compound 3, 4, and 1 with The sponges of Aaptos sp. are producers of aaptamines and the conversion of aptaminoid derivatives at C-9 hydroxyl position is essential for the cytotoxic and anti-bacterial activities. The structural activity relationship analysis confirmed the oxidation of hydroxyl group at C-9 position to give carbonyl function which supports the results obtained [30] [31] [32] .
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The current research revealed the role of A. aaptos in providing compounds that can serve as cytotoxic and antibacterial agents in addition to having the ability to activate PPRE and SRB1 promoter.
In conclusion, aaptamine (1), 9-demethylaaptamine (2), 4-Nmethylaaptamine (3), 9-methoxyaaptamine (4) isolated from A. aaptos butanol extract have potential not only as atherosclerosis treatment but also as vibriosis treatment. These compounds can be further screened for their efficacy in treating these two diseases to determine their potential as drug candidates. 
Experimental

Extraction and isolation:
Wet sponge (0.5 kg) was cut into small pieces, dried in an oven at 37 o C for three days and ground to yield powder form. The powder (50 g) was extracted three times with 500 mL of methanol overnight using a forma orbital shaker and filtered through a Whatmann no.1 filter paper fitted in a Buchner funnel. Filtrates were combined and concentrated with rotary evaporator. To get interference-free methanol extract, salt and waxes/lipid were removed using HP-20 and C-18 cartridge respectively. The concentrated methanol extract was partitioned by a ratio of water and diethyl ether (1:3) to give diethyl ether (4.7 g) and aqueous layer. Additionally, the aqueous layer was partitioned three times with 300ml of butanol to obtain butanol extract (7.0 g) and aqueous extract (8.6 g). Butanol extract was fractionated by subjecting to a dry vacuum column chromatography of silica gel and gradual eluting with n-hexane, n-hexane/dichloromethane (DCM), DCM, DCM/MeOH, and MeOH. A total of 17 fractions were collected. Fraction 11 and 12 were combined and again re-chromatographed on silica gel by elution with CHCl 3 and MeOH with the ratio of 9.5:0.5; 9:1 and 8:2 to give 21 subfractions. Subfraction 8-12 (1.0 g) were purified by subjecting to a LH-20 column chromatography eluted with CHCl 3 /MeOH, 1:1 to give 5 subsubfractions. Subsubfraction 5 was washed by methanol to yield compound 6 (2.1 mg). Subsubfraction 3 (130.0 mg) was also subjected to a silica gel CC eluted by CHCl 3 /MeOH with a ratio of 9:1; 8:2 and 6:4 resulting in compound 1 (75 mg), 2 (50 mg) and 5 (2 mg). Fraction 13 and 14 were also combined and loaded onto a silica gel CC eluted with CHCl 3 /MeOH with the ratio of 8:2 and 7:3 to give compound 3 (6 mg) and 4 (2.7 mg). Meanwhile, Fraction 8 of butanol extract fractionation was washed with n-hexane and recrystallized with methanol to yield compound 7 (20 mg). NMR spectral data of all compounds were in agreement with literature, 1 [17, 19] , 2 [17, 20] , 3 [21] [22] , 4 [19] , 5 [19] , 6 [33] .
Cytotoxicity activity: Cytotoxic activity was tested on human hepatocarcinoma, HepG2 cell line obtained from the American Type Cell Culture Collection (ATCC) and cultured in MEM media (Sigma) supplemented with 10% fetal bovine serum (ICN Biomedicals) and 1% of penicillin-streptomycin, sodium pyruvate amino acid solution (GIBCO). In vitro cytotoxicity activity was determined using CellTiter 96® AQ ueous Non-Radioactive Cell Proliferation Assay (Promega) as described by the manufacturer. Cytotoxicity assay was performed in 96-flat bottom microwell plates. Briefly, 100 l of exponentially growing cell suspension at the concentration of 8 x 10 3 cells/well was seeded into each well and incubated for 24 hours at 37°C in 5% CO 2 atmosphere with 95% humidity. Subsequently, cells were treated with compound at concentrations of 10, 5, 2.5, 1.25, 6.25, 3.125, 1.563, 0.781, 0.390 g/mL, and 1% DMSO (untreated control) in a final volume of 100 l and incubated for 72 hours. Then, 20 l of MTS solution was added to each well followed by 2 hours of incubation at 37 o C in a 5 % CO 2 . Absorbance (OD) was measured at 492 nm using a glomax multi detection system (Promega). The cytotoxicity effect of compound on HepG2 cell lines was determined by measuring the compound concentration that killed 50% (EC 50 ) of the cell population compared to the untreated control. The EC 50 value was determined from a graph plotted with percentage (%) inhibition vs. concentration of compound by using Graphpad Prism 4.
Transcriptional activity: Plasmid PPRE and SRB1 promoterreporter constructs were generated by cloning respective promoter elemets to luciferase reporter plasmid, pGL3 to produce pGL3-PPRE and pGL3-SRB1, respectively. Prior to the day of transfection, 3 x 10 3 cells/well were seeded in 96-well plates in a volume 100 µL complete medium in each well. The cells were incubated overnight at 37 o C in a CO 2 incubator until the cells were 60-80% confluent. Subsequently, pGL3-PPRE or pGL3-SRB1 was transfected together with an internal control pRLTK into HepG2 cells by using Lipofection Tranfection Reagent (ThermoFisher) as described by the manufacturer. After 5 hours of incubation of cells with transfetion reagents, the cells were washed with PBS twice and treated with compound at various concentrations of less than EC 50 (based on cytotoxicity results) in 100 µL volume and incubated at 37 0 C in a CO 2 incubator for 24 hours. In addition, TZD at the concentration of 2 mM/mL and 1 % of DMSO were also prepared as positive and untreated control, respectively. The cells were then lysed and promoter activity was determined using Dual-GloLuciferase ® Reporter Assay System (Promega) in which the activity of firefly Photinus pyralis and Renilla reniformis luciferase were measured sequentially from a single sample as described by the manufacturer. The activity of transfected cells treated with 1 % DMSO (untreated control) was assigned as 1 and the fold change of the treated sample was compared with the untreated control. If the samples produced the number of fold change more than that of the untreated control, the samples were designated as positive result [29] .
Antibacterial activity assay: Antibacterial was tested against Vibrio harveyi and Vibrio sp by using paper disc diffusion method [18] . The two bacteria were obtained from the Research Institute for Coastal Aquaculture (RICA), Maros, South Sulawesi, Indonesia. These bacteria were maintained in glycerol/nutrient broth media (1:1) and kept in -80 o C or TSA slop medium. Prior to testing, one loopful of Vibrio harveyi and Vibrio sp from TSA stock was streaped zig-zag on TCBSA medium and incubated without agitation at 28 o C for 24 hours. Few growth colonies (3-4) of the microorganisms were sub-cultured in 9 ml of nutrient broth (NB) medium (Sigma, FRG) to achieve density of 10 7 colony forming units (CFU/mL). A hundred µL of bacteria sub culture were spread on Mueller Hinton agar medium. The filter paper discs (6 mm in diameter) were individually impregnated with 20 µL of the compound with the concentration of 1 mg/mL, dried in a laminar air flow and then placed onto the agar plates previously inoculated with the tested microorganisms. The plates were incubated at 28 °C for 24 h. The diameter of the inhibition zones was measured in millimeters. Standard streptomycin (30 µg/ disc) was used as positive control.
